Introduction
Various types of ceramics and glass-ceramics, used as potential implantable materials, bond to living bone through an apatite layer formed on their surfaces upon contact with ion-rich tissue liquids. The formation of an apatite layer depends on the dissolution of ceramics or glass-ceramics and the release of calcium ions [1, 2] . Moreover, alkali ions released from the materials increase the pH of the surrounding liquid, thus increasing the concentration of OH -ions, which are also a component of apatite [2] . Studies on hydroxyapatite (HAp) revealed that the negatively charged HAp surface, after exposure to simulated body fluid (SBF), interacts with calcium ions. Subsequently, the positively charged Ca-rich HAp interacts with phosphate anions and forms Ca-poor amorphous calcium phosphate which crystallises into bone-like apatite endowed with low solubility [3] .
However, Ca ions, behave similarly to inorganic phosphate (Pi) and significantly influence the metabolism of osteoblast cells, crucial for bone remodelling within the implantation site. Osteoblasts and mesenchymal stem cells (MSCs) function optimally upon contact with media containing 1.8 mM Ca 2+ . A slightly higher concentration of calcium ions (3.4 mM) released from nanoHAp into the Eagle medium was postulated to increase osteoblast differentiation [4] . However, other sources report that higher concentrations of calcium chelation than sodium alginate. Both polysaccharides may be used as gypsum supplements in the form of setting liquids (0.3% total mass), but only sodium alginate may be used as a powder (up to 5% total mass of the composite). Polysaccharide-triggered reduction of Ca 2+ release reached the level of 50% during the first 2.5 h of incubation, then decreased significantly. Conclusions: Both tested polysaccharides possess calcium-chelating properties. However, although alginate caused a reduction in Ca 2+ levels in the media incubated with the gypsum samples, the reduction was too short lived to provide a long-term effect. Further modification of the composite content using calcium-deficient hydroxyapatite and low-molecular weight rhizobial EPS with higher solubility could bring more satisfactory results.
ions cause a decrease in alkaline phosphatase (ALP) activity and osteoblast proliferation and/or differentiation ratio [5, 6] , when in contact with calcium sulphate pellets [7] . This phenomenon is dependent upon culture conditions. Inorganic phosphate, apart from its role in hydroxyapatite formation, affects the function of osteoblasts during the in vitro differentiation process [8] . Concentrations of Pi above or below its optimum (0.09 mM) significantly decrease cell proliferation; moreover, higher Pi concentrations lead to significant cell apoptosis [6] . It The presence of water promotes its transformation from hemihydrate into dihydrate, commonly called gypsum. However, its relatively rapid resorption disturbs the rate of appropriate, gradual replacement of the biomaterial by the newly formed bone. Furthermore, gypsum has been found to be relatively toxic to human osteoblasts [9] and causes post-implantation accumulation of calcium-rich fluid, as well as acidification of the microenvironment, which are believed to be responsible for the inflammatory response lasting up to 2 months [10] [11] [12] . On the other hand, CSH, in combination with the slowly resorbable calcium phosphate ceramics, may serve as a novel construct, producing in vivo porosity due to quick resorption of the cement phase [13, 14] . In this context, the moderate solubility of gypsum in water and aqueous electrolytes with different ionic strengths [15] [16] [17] , resulting in a significant Ca 2+ release, must be taken into account. Therefore, it seems reasonable to develop a CSH-based composite enriched with a Ca 2+ -capturing component to reduce the concentration of calcium ions in tissue liquids after the biomaterial implantation.
Naturally occurring polysaccharides could serve as calcium-chelating compounds in such composites. Alginic acid, a typical representative of such compounds, is a hydrophilic colloidal polysaccharide obtained from various species of brown seaweed, Phaeophyceae. The compound possesses linear structure consisting of variable amounts of D-mannuronic acid and α-L-guluronic acid linked by β-1,4-glycosidic bonds. Alginic acid and its salts have been used as thickeners, stabilizers, gelling agents and emulsifiers, but also as drug delivery agents and bone tissue engineering materials [18] [19] [20] [21] .
Alternative candidates are exopolysaccharides (EPS) produced by rhizobia, nitrogen-fixing symbiotic bacteria. To date, little is known about the properties of these carboxyl group-containing polymers, except for their role as signalling molecules in legume plant-rhizobia interactions [22, 23] . Rhizobial EPS are speciesspecific branched heteropolymers which consist of repeating subunits containing such monosaccharides as D-glucose, D-galactose, D-mannose, L-rhamnose, D-glucuronic and D-galacturonic acids, substituted with non-carbohydrate residues (e.g., acetyl, O-methyl, pyruvyl, succinyl and 3-hydroxybutanoyl groups). These groups are responsible for the acidic and/or hydrophobic character of EPS [22, 23] . Various biological functions are ascribed to this heteropolymer, including nutrient accumulation, protection against environmental stress and participation in biofilm formation, both on abiotic surfaces and on host plant roots [24] .
Alginate-CSH-based composites have already been described [25] ; however, the release of calcium ions from CSH was usually discussed as an alginate-crosslinker (thus cement composite-hardening accelerator) rather than cell-and tissue-affecting factor. To our knowledge, rhizobial exopolysaccharides have not yet been studied as a CSH-supplementing component. Therefore, the overall objective of this study was optimization of the use of high molecular weight EPS isolated from the Rhizobium etli strain CE3 and sodium alginate (commonly available and used for comparison) as components of CSH-based cements, as well as testing their efficacy in the removal of excess Ca 2+ ions released from gypsum.
Experimental Procedures

Materials
Calcium sulphate hemihydrate (CSH), DMEM/ F12 medium and sodium alginate (NaAlg) from Macrocystis pyrifera were obtained from Sigma, USA. Granular hydroxyapatite HA Biocer was provided by ChemaElektromet, Poland. All other chemicals of analytical grade were supplied by POCH, Gliwice (Poland). EPS CE3 was isolated from supernatants of 72 h R. etli CE3 cultures, as was described previously [26] . The content of Ca ions in both polysaccharides was assayed using a commercial kit (Calcium CPC, Biomaxima, Poland) prior to the experiments; both preparations were found to be calcium-free.
Methods
Calcium, magnesium and inorganic phosphate concentrations were estimated spectrophotometrically using commercial kits (Calcium CPC, Magnesium and Phosphorus; Biomaxima, Poland), by following the manufacturer's instructions.
Polysaccharide solubility were tested in water and PBS buffer, pH 7.4, at 37°C, for 24 h. Ca 2+ and Mg 2+ absorption capacity was estimated in samples composed of 2.5 mg/ml NaAlg or EPS CE3 and 0.1 or 0.4 mg/ml Ca 2+ /Mg 2+ , incubated for 30 min at 37°C with gentle agitation. Control samples contained ions but no polysaccharides. Subsequently, to precipitate polysaccharides, 2 volumes of ethanol were added to the mixture and centrifuged after 10 min incubation at 12,000xg for 10 min. Thus obtained supernatant was evaluated for the concentration of remaining ions and the results were calculated as the percentage of absorbed ions in comparison with the control.
Cement samples tested in the experiments were subjected to setting after mixing powder/granule batches with adequate liquid phases, according to the composition presented in Table 3 , at the specified L/P ratio. Approximate setting time of cement pastes were evaluated in triplicate using Gillmore needle-like tools. All experiments were performed at 23±2°C. For the SEM evaluation, small air-dried samples of approx. 0.5 mm by 0.5 mm were mounted on aluminium stubs using carbon-coated tape and sputtered for 30 s with gold/palladium coating using a Model SC 7460 Sputter Coater (Polaron, UK). Scanning electron microscopy was carried out using a Phenom scanning electron microscope and a high-resolution, low-vacuum DualBeam scanning electron microscope Qanta 3D FEG system (FEI).
The rate of polysaccharide liberation from cement compositions was assessed in ultrapure water to avoid any background resulting from saccharidic impurities. The extracts were obtained after 24 h incubation of the cemented samples (Table 3) in 2 ml H 2 O at 37°C and were subsequently analysed for carbohydrates according to Loewus [27] . Total sugar content was expressed as glucose equivalents.
The effect of the presence of polysaccharides on the parameters of the DMEM/F12 medium incubated with modified cement samples was estimated. Cements of varied formulations (described in Table 3 ) were allowed to set in a 24-well cell culture plate and sterilized by ethylene oxide. 2 ml sterile medium was added to each well and the plates were incubated for 24-96 h, depending on the particular experiment, at 37°C, under stationary conditions. At specified time intervals, the samples were withdrawn and analysed for ion concentrations and pH value. In one case, a sequential exchange of medium after 96 h was performed. All experiments were performed in triplicate.
Results
Sodium alginate (NaAlg) and rhizobial exopolysaccharide from the R. etli CE3 strain, containing free carboxyl groups, revealed the capacity for the uptake of divalent ions. In the case of initial ion concentration of 0.1 mg/ml (average calcium concentration in blood plasma), calcium and magnesium ions were almost completely removed from the incubation mixture by NaAlg, yielding a 92.1% reduction for Ca 2+ and a 97.6% reduction for Mg 2+ (Table 1) . EPS CE3 demonstrated a similar sorption capacity for Ca 2+ (94.1%), but much lower for Mg 2+ (18.8%). However, when initial ion concentrations were increased 4-fold, Ca 2+ and Mg 2+ ion uptake decreased to 56% and 27.6% for NaAlg, respectively, and to 7.1% and 4.2% for EPS CE3, respectively (Table 1) .
Prior to the preparation of polysaccharide-enriched cement composites, the optimization of liquid/solid state ratio and of the setting time of CSH:HAp granule mixtures were performed. Hydroxyapatite was introduced to the material because gypsum-HAp composites are currently proposed as more promising than pure CSH materials, i.e. they combine the advantages of both compounds; demonstrate moderate resorption time, produce in vivo porosity and release less calcium ions than pure CSH. content caused an increase in the setting time and lack of mouldability and uniformity of the compositions. When the CSH:HAp ratio was 125:75, the paste was not uniform and a lack of setting was observed for 5 h. Therefore a 150:50 ratio of the CSH:HAp composition was selected for further experiments. Based on the pilot experiments, a series of polysaccharide-enriched CSH or CSH:HAp composites were prepared (Table 3) . Some of them (samples 3-6) contained sugars introduced as setting liquids, thus their weak solubility limited the amount of polysaccharides added. Larger amounts of sugars could only be added in the form of powder mixed with other components before setting. Only NaAlg was found suitable for this purpose, because lyophilized EPS CE3 did not mix uniformly with the CSH powder. Therefore other tested samples (Table 3 , samples 7-8) contained 10 mg NaAlg (approx. 5% of total cement mass) added as a powder before the addition of setting liquid. Addition of a larger amount of powdered sodium alginate to CSH, similarly as in the case of the HAp granules, resulted in a significant decrease in the setting time or even loss of the ability to harden (data not shown), making the material unacceptable as a potential bone filler. For this reason, the results obtained for these samples were not included in Table 3 . Samples 1-2, without polysaccharides, served as controls. According to the obtained results (Table 3) , the setting time of the composites increased due to the addition of HAp granules or NaAlg powder, but never exceeded 30 minutes. The SEM results (Figure 1) revealed that surface structure of pure gypsum and gypsum mixed with the HAp granules and HAp/NaAlg differed significantly. The control sample revealed the presence of amorphous, non-crystalline particles on its relatively smooth surface, which was clearly visualized as an enlargement of the area ( Figure 1A , the left inset). But, some parts of this probe demonstrated higher diversity ( Figure 1A , the right inset). Gypsum set in the presence of 25% HAp granules exhibited irregular, porous surface with precipitated particles of 10-150 μm in diameter and nonhomogeneous distribution ( Figure 1B) . The samples co-aggregated with alginate ( Figure 1C ) revealed more diversified structures, with irregular particles smaller (5-25 μm) than in the case of the gypsum-HAp composite, and needle-like not-orientated crystalline particles deposited on the surface.
The test of polysaccharide liberation from the hardened composites showed that sugars did not leach from the samples. Only in the case of samples 7-8, which contained 5% NaAlg, traces of sugars (less than 0.2% of the initial sugar content) were found in the extracts after 24 h incubation (Table 4 ). These data confirm that the added polysaccharides were trapped within the composite structure in a stable manner during the setting of cement.
Hardened cements enriched with small amounts (0.3% of total cement mass) of polysaccharides introduced in the form of setting liquids were incubated and Pi) itself remained unchanged and were equal to those declared by the manufacturer (pH: 7.52-7.63; Ca 2+ : 0.3-0.32 mg/ml; Mg 2+ : 0.016-0.017 mg/ml; Pi: 0.030-0.032 mg/ml). Therefore all changes in those parameters observed in the medium during incubation with the tested cements occurred due to interactions with cement components. As observed in Figure 2 , Ca 2+ concentration finally exceeded 1 mg/ml (over 30-fold higher than in pure DMEM/F12), while the reduction of calcium ion levels in the medium incubated with polysaccharide-modified cement samples was very low and observed mainly during the first 2.5 h of incubation (for EPS CE3) or after 24 h (for NaAlg). The levels of Mg 2+ ions throughout the experiment remained unaffected by the presence of polysaccharides or HAp granules, although a small quantity of magnesium ions was released to the medium from all samples after 24 h. In the case of Pi levels, a significant decrease was observed starting from 2.5 h of incubation; the rate of ion uptake seemed to be enhanced by the addition of HAp granules, as well as both polysaccharides (Figure 2) . After 24 h, Pi was almost completely removed from the DMEM/F12 medium.
The attempts to enrich the cement samples with larger amounts of polysaccharides were successful only in the case of NaAlg, due to its powdered form which enabled the formation of a uniform mixture with CSH. The samples prepared with NaAlg significantly reduced the level of Ca 2+ in the medium: by approx. 50% after 0.5 h incubation and by approx. 22-30% after 2.5 h (Figure 3 ). This result confirmed that the use of higher amounts of polysaccharides in cement samples is reasonable for the assumed purpose. However, the Ca 2+ release rate was so high that the Ca 2+ -chelating effect of NaAlg became inconspicuous after 24 h. In contrast to the previous experiment, Mg 2+ ions were found to be effectively chelated (by approx. 60%) after 0.5 h; afterwards, the effect was much less conspicuous, especially after 24 h. Surprisingly, Pi levels at 2.5 h incubation were even higher than those observed with the control, pure CSH-based cement, although small content of NaAlg evoked a significant decrease in the Pi concentration at the same time point (Figure 2) . It is possible that the presence of higher content of NaAlg rich in free carboxyl residues interferes with this process. Slight alkalisation (pH 8.3) was observed during the experiment, with no effect of alginate on the pH level.
The stationary model tested in the described experiments did not take into consideration the exchange of tissue liquid surrounding the bone implant, which appears under in vivo conditions. To simulate those conditions, a model with a 24 h medium exchange period was proposed. Alkalisation of the medium was observed only during the first exchange and then the effect disappeared. Changes in ion levels exhibited different tendency than in previous experiments. During the first incubation, both Ca
2+
and Mg 2+ levels were lower in the media incubated with the NaAlg-enriched samples in comparison with those incubated with pure gypsum (Figure 4) . However, after the first exchange of DMEM/F12, this tendency differed. Soon after the exchange (24.5 h), a decrease in Ca 2+ levels and an increase in Mg 2+ levels in the medium occurred, in comparison with the control, but after 48 h, an increase in Ca 2+ levels and a decrease in Mg 2+ levels were observed, in comparison with pure gypsum. This tendency remained, although less significant, during the following two medium exchanges. Apparently, the uptake of divalent ions by NaAlg-enriched cements reaches a specific chelation Composition of samples 1-6 -in Table 3 . Table 3 .
Do Ca
2+
-chelating polysaccharides reduce calcium ion release from gypsum-based biomaterials?
equilibrium between calcium and magnesium ions, in which the former seems to be gradually released from the cement due to the simultaneous uptake of the latter.
Discussion
Calcium release due to relatively quick solubility of gypsum was reported to negatively affect osteoblast proliferation and differentiation. It was therefore tested whether the supplementation of gypsum with calciumchelating polysaccharides might reduce the release of Ca 2+ ions from that composition and thus reduce the cytotoxic effect of gypsum.
Divalent (and also trivalent) ion binding capability of alginic acids is commonly known; it has also been reported for rhizobial EPS [28] [29] [30] . It was demonstrated that NaAlg binds ions thanks to the presence of free carboxyl groups allowing the cross-linking reaction [22, 31] . Similarly, divalent ions induce cross-linking of whey protein gels [32] . Here, the test of Ca 2+ and Mg 2+ ion uptake capability of EPS CE3 and sodium alginate demonstrated similar effectiveness of both polysaccharides in the removal of Ca 2+ ions (and, to some extent, also Mg 2+ ions), but only from liquids with relatively low Ca 2+ and Mg 2+ concentrations, comparable to those in human plasma. At higher ion concentrations, alginate exhibits a higher ion uptake capacity than EPS CE3.
That difference may arise from the variation in the number and arrangement of constituent-free carboxyl groups in the components of EPS CE3 and alginate. In an alginate chain, each subunit composed of mannuronic and guluronic acids contains a free carboxyl group, thus the ability of cation chelation increases. In contrast, rhizobial EPS is composed of not only acidic, but also neutral sugar residues. In this study, the HMW fraction of R. etli CE3 EPS was used, which is composed of repeating units containing D-glucose, D-glucuronic acid and D-galactose in a 5:2:1 molar ratio, modified by acetyl, pyruvyl and 3-hydroxybutanoyl groups [22] . Thus, the EPS CE3 structure suggests its lower capability of divalent ion chelation.
In our study, the introduction of polysaccharides into cement samples was possible in the form of a setting liquid, in small quantities only, mainly because of their low solubility, being a consequence of their high molecular weight. The presence of HMW EPS (approx. 2,000 kDa) [22] enables rhizobial cells to survive in unfavourable environmental conditions as long-chain EPS, originating from the cell surface, slowly migrates into the surrounding solution, acting as a barrier for the diffusion of, e.g., heavy metal ions [30] . However, in the presented experiments, the low solubility of EPS acts as a limiting factor in the preparation of bone-substituting cement with a controlled level of Ca 2+ release. Alginate used in this study, with a molecular weight of approx. 80 kDa (manufacturer's data), exhibited higher solubility; however, for comparative purposes, it was introduced into the cement compositions in the same quantity as EPS CE3.
Gypsum cements and gypsum-based composites should harden within a period of time suitable for surgical practice. The CSH:HAp cement mixtures described here demonstrated a setting time of approx. 25-35 minutes, similarly to the results reported elsewhere [33] . The amount of CSH incorporated into the composite mixture, as well as the liquid/powder ratio and reaction conditions, may significantly affect the setting time of the material and its final microstructure. It was found that the addition of powdered hydroxyapatite to the CSH phase reduced its setting abilities in a nonlinear manner, with the critical value between 60 and 80% HAp content [34] . In the case of our compositions, 50% content of HAp granules seems to be a critical value for a significant delay in the setting time. This may result from the CSH setting mechanism because CHS, in the presence of water, dissolves and precipitates as calcium sulphate dihydrate crystals, which interlock with each other [35] . Thus the process may be disturbed in the presence of a significant amount of hydroxyapatite, due to spatial gaps in the continuity of calcium sulphate dihydrate.
The setting mechanism of the alginate-CSH composite was based on CSH properties rather than the gelling abilities of alginate, although the latter was reported to act as a binder in alginate/calcium phosphate cements [36] . It is known that alginate sets faster when calcium sulphate hemihydrate, not dihydrate, is used. For this reason, calcium sulphate dihydrate is usually used in alginate/gypsum-based dental impression mixtures as this enables slower calcium ion release and a controlled alginate setting time. On the other hand, it is also known [37, 38] that alginate belongs to the gypsum setting time retarders, similarly as blood, saliva and agaragar, and reduces the number of crystallisation nuclei for the dihydrate particles. Therefore, it is not surprising that the setting time of the samples containing 5% alginate was extended by 5 minutes in comparison with the compositions without alginate. Such a prolonged time of composite setting is still acceptable for its application as a bone filler. However, higher amounts of alginate (≥10 mg) added to the mixtures caused a significant and disproportional increase in the setting time, similarly as with the addition of HAp granules. Thus, further enrichment of the CSH:HAp composites in alginate was no longer justifiable. Unfortunately, this fact limited the content of calcium chelating factor.
Colloidal materials affect not only the setting time of cement composites but also their morphology; by changing the shape of the developing dehydrate crystals. Colloids of the properties mentioned above are represented by alginate, tested in this study, and welan gum. The latter bacterial polysaccharide, composed of (1→4)-linked L-rhamnose and L-mannose subunits, slows down the rate of cement nucleation in the CSHbased composite, leading both to retarding of the setting time and to a morphological change of ettringite crystals [39] . The final microstructure of CSH-based cements enriched with hydroxyapatite was also reported to be modified, when compared with pure gypsum [34] . We observed the presence of large particles in the CSH:HAp composite, with additional sharp, needle-like crystals in the case of the CSH:HAp:alginate composite; therefore, our results are in agreement with the current literature. However, some irregularity was also observed in the structure of pure gypsum cement, probably due to the properties of the precursor itself, as it is known that β-CSH forms particles porous and irregular in shape [40] .
All retarders and accelerators of the CSH hardening process decrease the compressive strength of cement by changing the shape of calcium sulphate dihydrate (CSD) crystals that are formed. This was also reported for HAp used as an additive to CSH cements [33] . Therefore, somewhat weaker mechanical parameters are expected in the case of the tested composites, although such studies should be a subject of additional work.
Neither EPS CE3, nor alginate, when introduced into cements in small amounts (0.3% of total cement mass) as setting liquids, affected Mg 2+ concentration, while Ca 2+ levels in the medium were only slightly affected. When alginate was incorporated into cement samples as a powder in greater amounts (5% of total weight), more significant changes in calcium levels were observed, e.g., reduction even by 50%, but only during the initial period of incubation. Nevertheless, calcium concentration in the medium incubated with CSH-based cements still remained far beyond the level optimal for osteoblasts and should be considered as harmful for bone tissue surrounding the implantation site. Similar to the solubility of polysaccharides, the setting time and the structural properties of cements are limiting factors for further enrichment of cement composites with Cachelating polysaccharides. It should be stated that the objective of the experiments, i.e. a significant and longterm reduction of Ca 2+ levels in the CSH-based cement extracts, was achieved to some extent only.
The multiple medium exchange model demonstrated an equilibrium in Ca 2+ and Mg 2+ chelation-release. It was probably the consequence of a specific property of calcium alginate gel to convert into sol after treatment with magnesium ions [25] . This did not affect the structure of cements incubated with DMEM/F12, thus seeming to confirm that the mechanism of composite setting is based on CSH properties rather than gelling of alginate.
Some attention, in our opinion, should be focused on the problem of inorganic phosphorus removal from the medium incubated with cement composite samples. As observed in the presented experiments, Pi pool in DMEM/F12 (60-64 µg/2 ml) was depleted by half within 2.5 h and disappeared completely after 24 h incubation with the tested cement samples. The possible mechanism of a complete removal of phosphate ions from the medium may lie in their reaction with the remaining traces of unreacted CSH in cement samples after setting, according to the following equation [34] [41] and in vitro osteoblast differentiation [42] , probably playing the role of a signal molecule [8] . Therefore, such a significant Pi uptake by cement samples could be harmful for osteoblast proliferation and differentiation in the implant area, although in vivo conditions enable a slow but constant circulation of tissue liquids within the implantation site and a limited but constant Pi inflow.
The presence of traces of unreacted CSH in the tested samples may also explain the slight alkalisation of the medium observed in our experiments. Fully hydrated gypsum is pH-stable and does not affect the pH of the surrounding media, also in the case of CSH-based composites [43] . However, the hydration of CSH, a gypsum precursor, results in a sudden increase in the pH of the medium. This phenomenon disappears within the hydration period and, finally, stable pH is obtained, which is related to the completion of growth of the formed gypsum crystals [44] . Therefore, we suppose that the temporary alkalisation of the DMEM/F12 medium observed in our experiments was related to the final hydration of unreacted CHS traces in the tested samples. This hypothesis is supported by the observation made during the sequential exchange of the medium, when alkalisation appeared only during the first day of incubation and was followed by pH stabilization (Figure 4) . Thus, no harmful effect of medium alkalisation should be observed under in vivo conditions, in which the medium around the implanted cement is constantly exchanged.
The HAp granules used in the experiments exhibited no tendency to release calcium ions (data not shown); therefore, it was expected that the medium incubated with the CSH:HAp composite would contain less calcium ions than the medium incubated with pure CSH cement. Surprisingly, the addition of HAp granules to CSH (1:3 w/w ratio) did not result in significantly reduced levels of released calcium ions in comparison with pure CSH, especially when 5% alginate was added. This might be explained by the fact that the presence of porous HAp granules (similarly to the addition of NaAlg) in the cement samples triggered their less compact structure and probably increased the surface area of the interface between gypsum and the DMEM/F12 medium, thus increasing the solubility of the gypsum phase. It is known that calcium-deficient HAp exposed to culture media displays a high Ca 2+ sorption capacity [45] . Thus, further concepts on the improvement of CSH-based cement composites for filling bone defects should focus on the problem of excessive Ca 2+ release and Pi uptake by CSH cements, possibly by the supplementation of CSH with calcium-deficient HAp.
A general conclusion may be drawn from the obtained results, that both polysaccharides tested in our experiments are capable of Ca 2+ and Mg 2+ chelation.
However, their effect on long-term reduction of calcium ion levels in cement extracts is insufficient, mainly due to the high rate of Ca 2+ secretion from gypsum. Enrichment of cement samples with very high concentrations (above 5%) of the tested polysaccharides is limited by the loss of hardening properties of cement mixtures. Therefore, the capacity of polysaccharides isolated from rhizobia or algae to chelate small ions was too small to significantly affect the CSH ion sorption-desorption equilibrium processes and failed to fully achieve the goal of our work. Further modifications of the composite content using calcium-deficient HAp and low molecular weight rhizobial EPS with higher solubility might bring more satisfactory results.
